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FOREWORD

This final report covers the work performed by Autonetics Division
.of North American Rockwell Corporation under a study contract entitled
Reconfigurable G&C computer Study for Space Station Use. The report
is submitted to the National Aeronautics and Space Administration
Manned Spacecraft Center under the requirements of Contract NAS 9-10416.
The study program covered the period from December 29, 1969 through
January 31, 1971. The NASA Technical Monitor was Mr., E, S. Chevers.

The final report consists of seven (7) volumes:

Volume I Technical Summary
Volume 11 Final Technical Report
Volume I Appendix I. Model Specification
’Volume v Appendix 2. IOP - VCS Detailed Design
Volume V Appendix 3. System Analysis and Trade-Offs
Volume VI Appendix 4. Software and Simulation Description
and Results
Volume VII Appendix 5, D-200 Computer Family

Appendix 6. System Error Analysis

Appendix 7. Reliability Derivation for Candidate
Computers

Appendix 8, Power Converter Design Data

Appendix 9. Data Transmission Medium Design
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1. IOP/VCS Operation
1.1 System Concept

The computer system consists of four computers and four 1/0
buses that interface with local processors of external subsystems. These
computers are interconnected for special I/0 functions to achieve a Fail
Op-Fail Op-Fail Safe (FOOS) computer system as shown in Figure 1. Each
computer contains a connection to one of the four external I/0 buses in
the system. . In addition, each computer contains four interconnections:
three receive channels, one from each of the other computers, and one out-
put channel to all the other computers; it is via these connections that the
voter-comparator-switch (VCS) concept is mechanized.

The VCS function is deeply interrelated to the IOP in the com-
puter, However, it is depicted as a unique module in Figure 2 where the
interconnection is shown in greater detail. The VCS concept enables the
computer system to be operated in a variety of modes: Four-way voting (all
four computers doing the same job, with one or more of the VCS' voting on
the I/0 information), three-way voting with the other computer doing a dif-
ferent job, two-way comparison with the other two computers also in compari-
son or doing distinct jobs, and four non-redundant computers. The mode is
under the control of the executive system which is distributed among all
the computers. The executive is redundant, in a distributed sense, to satisfy
the FOOS requirement. The level of redundancy of the computations may be
changed under software control by changing the mode of the system.

The four computers each operate on its own independent clock.
Redundant data operated on by the VCS is required to be in synchronization
within a specified tolerance; this data is not required to be in bit sync.
The computer system, by a combination of hardware and software, is self-
reconfigurable and is capable of withstanding any three failures in a F00S
manner.,

1.2 VCS Architecture

The VCS device is capable of operating on redundant data in a
majority voting or a comparison mode, thereby performing a redundancy re-
duction of either 4:1, 3:1, or 2:1, or it may operate on non-redundant data.
The device is adaptive in that it may be switched into different modes. The
device is also adaptive to failures in the computer system by means of
adaptive majority logic.

The diagram indicating the basic architecture of the VCS device
and the interface between the VCS and IOP is shown in Figure 3. The VCS -
device outputs on the I/0 bus to the external subsystems; it has as inputs,
the outputs of the four I/0 processor sections of the four computers. As
shown, these inputs to the VCS may be used by the voting, comparison, or
selector logic. The block containing this logic is directed by the control
unit of the V(CS.

2.1
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The control unit operates on the principle of adaptive majority
logic. Its function is to control the mode of the voter comparator selector
logic block and to decide which computers are failed or non-failed. The
control unit implements its functions by means of a P matrix and a R matrix.
The P matrix (4 x 4) contains one computer's failure status opinion of another
computer and the majority decision of the failure status of each computer.,
Essentially this matrix contains the failure status of the computer system.,
The failure status decision on an individual computer is derived from the
other computers' failure opinion and the go-no go self test results from the
built-in test equipment in each computer. The decisions are arrived at on
the basis of adaptive majority logic.

The R matrix of the control unit represents the desired mode of
operation (four-way voter, three-way voter, two-way comparator, or selector).
It operates under a majority decision rule as to the selection of the mode,
Further, it is adaptive in that the P matrix is used to determine which
computers are failed and should be ignored in the R matrix. The P and R
matrices are set by commands received from the I/O processors.

Since the four computers are not operated in bit sync when in the
voting or comparison modes, a set of buffer shift registers are provided
in the VCS to provide bit synchronous data to the voter comparator selector
logic. The registers allow for a * 1/2 word time out of sync operation.
The I/0 bus to the external subsystems is a continuous loop providing the
ability to monitor outputs of the computer on to the bus by echo check
techniques of monitoring the inputs from the bus. Routing logic in the VCS
device determines the destination of all input data received over the I/0
bus by the VCS. This routing logic also determines which 1/0 processors are
to receive copies of the input data from the external subsystems (e.g., in a
three-way voting mode input data will be distributed to three I/O processors).

1.3 IOP Architecture

The Input/Output processor (IOP) functions as an independent pro-
cessor operating under a stored program in memory and capable of interfacing
with the internal memory directly via the memory bus. A block diagram of the
basic functions of the IOP is given in Figure 4, The VCS function is included
with the IOP in Figure 4 since it is so closely interrelated. The input/output
functions may be classified into three different types:

A. Type 1 - for computer-to-computer communication
B. Type 2 - for computer-to-external subsystem communication

C. Type 3 - for computer—-to-parallel channel communication

Type 1 channel communications are bit serial-word serial. The
channels are completely independent so that the IOP may be simultaneously
receiving information from three other IOPs and sending information to these
IOPs on its Type 1 output channel. The information sent over the Type 1
channels may contain data or commands. TFurther, the information may be
destined for the IOP or the VCS. Likewise, the information sent out on the
Type 1 channel may originate from the IOP or the VCS. Proper addresses
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accompany messages over the Type 1 channels that allow the information to be
routed to the proper computer and the appropriate parts of the IOP and VCS.

Type 2 channel communications are also bit serial-word serial. The
Type 2 channel interfaces with the I/0 bus that connects to the various
external subsystems. The use of the Type 2 channel is completely under
control of the IOP; external subsystems may only communicate with the IOP and
only after being commanded to do so by the IOP. The Type 2 channel is closely
interrelated to the VCS function as described in Section 1.2.

In addition to these serial channels, the IOP contains a parallel
I/0 channel (16~bit) shown as the Type 3 channel. This channel is used for
communication to devices requiring rapid data transfer (250,000 words/sec) with
the computer system such as the mass storage system and the data management
system. The channel operates under external contiol only, i.e., the IOP
does not initiate data transfers over this channel. The Type 3 channel is not
included in the FOOS requirement.

The IOP is set into operation by the decoding of a command and/or
a control word. The commands are stored in the computer memory and are
accessed according to the command program counter in the IOP., Control words
are also stored in the memory and are also received from other computers in
the system over the inter-computer (Type 1) bus. Commands are executed as in
any other software program. Control words are executed only when specified
by a command or when a control word is received over the inter~computer bus,

The IOP is capable of executing the following commands:

1. Halt and proceed
2. Jump
3. Conditional skip

4. Fetch control word

Figure 5 indicates a typical layout of the IOP program. The operation of the
fetch control word can be seen to méchanize data transfer operations initiated
by the IOP. Each fetch control word instruction contains an address that
points to the location of a control word. The control word contains informa-
tion that describes the type of operation to be performed (e.g., input from
local processors, output to another computer, etc.). Following each control
word is an address that points to the location of a data block. The data

block is the location into which input/output data is to be placed or sent from.

Control words may also be received from another computer over the
Type 1 I/0 channels. The internal and external control words mechanize the
complete set of I0OP information transfer operations. These include not only
data transfer between computers and between computers and external sub-
systems, but also between computers and the VCS devices.

2T
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IOP Program
Fetch (CW)
(Data Address) —-
- o ™\——| DATA
- (Data Address) -
Jump - .
ets.

DATA

Figure 5. 1IOP Program Operation

A real time counter is included in the IOP to provide a repetitive
time period reference for IOP and CPU program synchronization. The counter
is counted down to zero from a set value at the logic clock rate, At zero,
the counter issues an interrupt to the CPU and IOP mode controls, resets

itself and starts counting down again. The length of the time period is
reprogrammable,

The VCS device constitutes the primary means of failure detection
in the computer system since an erroneous input to the voter may be readily
detected. 1In addition, each computer contains self test capability that
provides autonomous failure detection to a specified confidence level; this
capability is used to aid the computer system failure reconfiguration opera-
tions. The self test is a combination of hardware/software techniques. The
IOP contains some of this hardware in the form of the BITE Counter. This
counter operates such that if it is not reset periodically, it will reach
a zero count and issue a computer failure signal. The counter will be reset
by accessing a dedicated location in memory and loading the binary wvalue found
therein into the counter and zeroing this location after access. It is the
CPU's responsibility to reload this location to keep the counter reset.
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1.4 IOP/System Operation

The computer system may be operated in a variety of redundancy
modes. The modes are implemented by the hardware design features im the VCS.
This hardware is set up and controlled by software executive contrcl in the
computer system. This executive is distributed among the four computers
with the VCS hardware acting upon the software control by an adaptive majority
rule. Hard core software failures are eliminated by this design approach.

The VCS is designed such that the condition of its operating state and the
results of voting/comparison processes may be interrogated by the executive
program.

In a redundant operating mode, the data presented to the VCS must
be in sync to within a word time. To compensate for factors such as drift in
the clocks, machine errors (e.g., parity), and other events, the IOP's perform
a re-synchronizing operation after a specified number of I/0 cycles. This
re-synchronizing is accomplished primarily by hardware contained in the IOP.
When re-synchronization is about to take place, the IOP's send a Master
Sync Control Word to each other over the Type 1 1I/0 channels. Special hard-
ware times the receipt of the control words, detects any computer clock
failures by determining if one has drifted out of tolerance with respect
to the majority, and determines the time of synchronization. The method of
synchronization eliminates a hard core clocking system.

A description of the I/O process for outputting data to the external
subsystems when operating in a three-way voting mode is shown in Figure 6.
Computers 1, 2, and 3 are shown as operating in a voting mode; computer 4
could be performing another task or in a failed state. The VCS receives
threee copies of the message and transmits the majority on the bus. Simul-
taneously, the IOP's of computers 1, 2, and 3 monitor the transmitted message
by the "loop around" design of the bus. This monitoring process consists of
comparing the information sent to the VCS with that transmitted on the buss,
any discrepancies are noted, and a "go" "no-go" code is sent to the VCS by
each IOP at the end of the monitoring process. Once again the majority
"go/no-go" opinion would be transmitted on the bus. The IOP's also monitor
the go/no-go code transmitted on the bus to determine if they are in agree-
ment with the majority. The IOP's contain automatic message re-transmission
capabilities in case of a majority no-go opinion. Based on the monitored
go/no~-go code, the IOP's either proceed to the next message or re~transmit
the last message. This re-transmission is attempted twice with the same
VCS, if three successive transmissions fail, the IOP's then switch over to a
new VCS. Three successive transmission failures with the new VCS will result
in the IOP's proceeding on to the next message in the IOP sequence. The I0OP
also stores status words at the end of each message which indicate the occur-
rence of any errors or retries in the transmission process.

Figure 7 indicates the process of inputting data from external
subsystems for the same mode of operation, namely, three-~way voting. The
command to input data to the computer systems is sent to the external sub-
system in the same manner as described above for data output, namely, over
one bus. However, the data is sent to the computer system over multiple buses.
Further, the data received over a bus is sent to all the I0P°s; therefore, each
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- IOP will receive three copies of the data sent to the computer system.
This redundant set of input data received by each IOP is used in a soft—
ware voting process by the CPU. Preceding the transmission of data, the
external subsystem transmits an acknowledge word. The IOP's all check the
command sent to the external subsystem (by the loop-around feature of the
bus) and the acknowledge word before accepting the imput data. This check
also serves to determine if a retransmission is to be attempted.
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2. DETAILED DESCRIPTION OF IOP/VCS FUNCTIONS
2.1 VCS Operation and Description

In Section 1.2 the basic architecture and overall block diagram of
the VCS (Figure 1-3) was presented. This section presents the design of this
device by discussging the control unit and voter~comparator—selector logic as
shown in Figure 2-1.

2.1.1 VCS Contrel Unit

a) P Matrix
The function of the VCS control unit is to comnect the
VCS output unit appropriately to receive data from the four computers. Another
function of the control unit is to determine which computers are good or bad.
The control unit consists of two basic functional elements: The P matrix and
the R matrix. The P matrix contains information on the good and bad state of
the four computers, while the R matrix contains the desired operating mode of

the four computers (4V, 3V, 2C0 selector). The P matrix is described below:

A B C D
Al AA AB
B
C
D

It is seen to be a 4 x 4 matrix. The diagonal elements
AA, BB, CC, DD are the prime information desired from the P matrix (this is
what the R matrix uses)., These elements define whether a computer is good or
bad (if AA = 1, Computer A is good). The off diagonal elements AB, BA, etc.,
- are one computer's opinion of another computer, i.e., AB is computer A's opin-

ion of computer B. In general:

(i,3) = 1's test of j

1 if i tests j to be good

0 if i tests j to be bad

The off diagonal elements (k,j) are directly input to the P matrix from the
computers themselves while the diagonal elements are derived from logic
associated with the P matrix.

2-13
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The logic that derives the diasgonal elements will be explained
below. The basic criteria for declaring a computer good or bad is
as follows: A computer is good until either it reports itself as
bad (self test/bite signal from computer = 0O) or a majority of the
other good computers think it is bad. The equations that are used
to derive the diagonsl element will be given below. Those for
computer "D" will be given; the equations for computers A; B and C
follow directly.

The register that contains the "D "column of the P matrix, AD,
BD, CD, DD, is as shown in Figure 2-2,

b))
DD
AD e D
) | 1

D (Self-Test

1DDe

-~ DDe

<-fon-volatile storage
oDDe -~

E‘} fan out to other V(CS's

|

Figure 2-2. P Matrix

2-15
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The flip flops that contain the terms AD, BD, CD are set directly
by each of the computers A, B and C respectively. The term DD is
derived as shown in the diagram. The term "D" represents the self
test/BITE signal received from computer D. This signal is "anded"
with the contents of DDe, the enable DD flip flop. The one set and
zero set (1DDe and ODDe) terms for DDe are given below:

obDe = (AA) (BB) (ZD) (ED)
+(aa) (cc) (aD) (cD)
+(BB) (cc) (BD) (cD)

1 DDe =(AD)(BD)(cD)(AA)(BB)(cC)
+(BD)(cD) (AK) (BB)(CC)
+(AD)(CD)(AA)(BEE)(cC)
+(AD)(BD)(AA)(BB)(TT)
+(AD)(AA)(BE)(TT)
+(BD) (XX)(BB)(TT)
+(cp) (AX) (BB)(cc)
+(AK) (EB)(TC)

The ODDe term represents the adaptive logic of the P matrix. This
allows the system to adapt or mask out ‘failed computers from decision
processes. Note that the DD flip flop must actually be non.volastile
storage since its condition cannot be lost due to any transients.

This results since the adaptive logic can only handle single failures
at a time and an attempt to re-establish the terms AA, BB, CC, DD
after more than one failure can not be guaranteed.

The 1DDe term shows the condition wherein the set of DDe is
accomplished after repair of the system. Note that 1DDe cannot be
derived from the inverse of ODDe; an attempt to do so could caﬁse
the system to "blow up" after three failures. (After three failures
the ODDe will go false and,if 1DDe were derived from this,self test/
bite would have to be relied upon from all the failed computers)

2 =16
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The output from the P matrix logic to the R matrix logic is the
good/ved indication of the four computers. If we let

A; = good state of computer ¢

Z; = bad state of computer .
Then for computer D

XD = DD

Zd = DO

The situgtion when one computer fails, reports the other computers
a8 bad, but fails to report itself as bad should be mentioned here.
Suppose this has happened to computer A, the resultant configuration
of the P matrix is:

ABCOD
A 1{olo]o
B| ml1l1la
¢ | a1z
p| nali]1[1

I this is the first fallure in the system, then BA, CA and DA would
be set to 1. The terms AB, AC, and AD being O would have no effect
on the diagonal elements of the P matrix since the logic requires a
majority opinion as explained above. Since A is the bad computer,
it is up to computers B; C and D to insert O's in BA, CA, and DA
{only 2 out of the three are required); once this is accomplished,
the term AA will be forced to & zero.

Note that after two failures, it may not be possible to reach a
majority opinion in the logic associated with the P matrix. For the
third failure, the primary term relied on is the self test/bite
indication.

2-17
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b) R matrix

The output unit of the VCS shown in Figure 2~3 has the capability
of acting as a 4 input voter, 3 input voter, 2 input comparator,
or a selector switch on the outpute of the 4 sets of triple shift

registers,

Input A~ 4 Input
B Voter
|
3 Input
Voter
——3p VCS
Output
b 2 Input |~
|
| Voter
|
E
. e ISelector
DR

i ] Switch

Figure 2-3. Voter—-Comparator-Selector
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The method of swiltching these inputs is by means of the R matrix.
The R watrix switches the appropriate voter, comparator or selector to
receive inputs from the selected computer(s). The R matrix coupled with
the results of the P matrix (X‘; s 2, ) then allows the VCS to function
in a particular mode. For example, the R matrix would be set to:

A B CD

U aQ W >
R P

T I S
N
I S e

if the VCS is to work as a L input voter, as:

A B C D

U o w >
e
o
(e

if the VCS is to function as a 3 input voter between computers A,
B, C.

No ambiguity should be presented by the R matrix, for example:

e
O
N

1
would represent a conflict to the particular VCS . that is, whether
to operate a8 & 3 imput voter on computers A, B, C or as & selector
outputting computsr D.
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The R matrix decoding logic is designed such that the majority of the
§ood camputers (as defined by X1, Z3i) must sgree on & particulsr mode for
that mode to be selected by the R mmtrix. A computer that will not be
participsting in that particular mode iz reguired to insert all o's in its
particular row. This essentially represents & don't care comdition;g i.e.,
it will go slong with whatever mode the others want to operste in.

The R metrix is decoded as follows for a 4 imput voter:

hV/ABCD = (rAls)(rBl5)(rcls) XA xB xc

+ (rA15)(rBIS)(rD15) 5%
+ (rAlS)(rcls)(rl)ls) X, X x]J

Where the nomenclature here isz:

Ty 5 1, 3 = 4, B, C, D representing an element

in the R Matrix

Tyl 1=4,38,C, P k = numeric 015

representing decoded conditiom of ith row.

A three input voter between computers A, B, C would be
deccdsd az follows:

M TUCTUE S WE
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+ (A )(x0y) Xy Xy (¥ + Zp)
+ (xB,)(rCy,) Xy % (D, + 2y
Similar conditions epply for 3V/ABD, 3V/ACD, 3V/BCD.

A two input comparstor between A and B would be decoded as follows:
2C0/AB = ("Am)(rnla) X, X, (rC +2)

+ (rap)(rB,) X, X (2D + Zp)

Similar conditions apply to 2CO/AC, 2CO/AD, 2CO/EC, 2c0/ED,
2c0/cp

A single Znput selector from A would be decoded as follows:
8(a) = (raAg) X, (¥B_ + 2.)(xC_ + Z )(xD, + Zp)

Similsr conditicns apply to s(B), 8(c), 8(p)
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The additional proviso pertains to S(A) and that is X must be anded
to the equation. The state of the R matrix must be decoded to obtain:

Ly

3v  (amcC)
3v (ABD)
3V (ACD)
3v  (BcD)

2c0 (AB)
2c0 (AcC)
2c0 (AD)
2c0 (BC)
2C0 (BD)
2co (CD)

S (A)

s (B)

s {c)

s (D)
These signals then enable the particular voter/compa;ator/switch and
determine which lines {computers) are comnected. Thé four input voter
block diagram is: " ‘

A___
B— =M
C Ly
D — R
R
UDVD AX BX CX DX hv
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Where
M is the voted output
AX, BX, CX, DX indicate a discrepency in lines A, B, C, D
respectively, UDVD indicates an undecidable voter discrepancy
M = ABC + ACD + ABD + BCD
AX = KBCD + Aﬁéﬁ
BX = ABCD + ABCD
X = ABCD + KBCD
DX = ABcD + ABCD
UDVD = ABCD + ABGD + ABCD + ABGD + ABCD + ABCD

where the terms A, B, C, D in the above equations are
necessarily anded with 4V,
The three imput voter becomes:

g 38 =
%
2 3

And the two imput comparator:

280

Where M =HI _
5D = HI + HI
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The switching of the imput lines ABCD to the 1ines B, ¥, G, H, I
is accomplished by means of the switching network:

E = A.3v(ABC) + A.3V(ABD) + A.3v(ACD) + B.3v(BCD)
F = B.3V(ABC) + B.3V(ABD) + C.3V(ACD) + C.3V(BCD)
G = C.3V(ABC) + D.3V(ABD) + D.3V(ACD) + D.3V(BCD)
H = A.2c0{AB) + A.2C0(AC) + A.3cO{AD) + B.2CO(BC) + B.2CO)BD) + C.2c0{CD)

I = B.2CO(AB) + C.2C0(AC) + D.2C0(AD) + C.2c0(BC) + D.2C0(BD) + D.2CO(CD)
and the selector is switched by
M = A.8(A) + B S(B) + ¢ s(c) + D g(D)

c) S Matrix
The S matrix contains the error status of input data to the voting and
comparison logic discussed above {4V, 3V, 2C0): A
ABCOD

A r
B
C
D L

The S matrix is a ¥ X 4 matrix, a1 X b matrix is all that is required to

indicate any errors in data from computers A, B, C or D. However, to allow

the computers to reset the matrix to mero,: the row (1 X &) is repeated three
times thereby resulting in a row for each computer. Therefore

1y = 2,5 = 3,3 = 4,3

1, = any errors in data from computer J
For computer A, j = 1 and from the above discussion.

1, 1 = AX + UDVD + EX {3V(ABC) + 3V(ABD)

+3v(ACD)j +sp[2c0(AB) + 2C0(AC)
| +2c0(4D)

It can be seen that in a voting mode the logic will detect which computer

1t

i

dissgreed with the majority, whereas in & comparison made the logic will
set two bits if a discrepancy exists.

2~24
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2.1.2 VCS Communication

The VCS contains three matrices as described above. Each of these
matrices may be sampled under command from the computers. All 16 bits of the
matrix are sent to the computer if sampled. The computers can also set the
matrices. However, the elements that they can set are limited:

P matrix: each computer can set the non-diagonal elements in its row

R matrix: each computer can set its row

S matrix: each computer can reset its row

2,1.3 VCS Mechanization

The above discussion presented the basic philosophy of the VCS device,
Figure 2-4 contains a general block diagram indicating the interaction of the
various elements discussed. The triple buffer registers shown in Figure 2-4 will
be explained further. Figure 2-5 contains the detailed operation of this sec-
tion., The “In Buffer™ is part of the IOP and is the receive channel from
one of the other computers (three are required). The received information is
shifted into the input channel buffer and is decoded by logic in the IOP. Data
and information destined for the VCS is sent in parallel to the set of triple
buffer registers Ry, Ry, and R3. It is sent to R, if a voter or comparater
mode has been selected. When the next word is ready to be loaded into R; the
present contents of R) are transferred to Ry and likewise the present contents
of Ry would be transferred to R3. Thus R;, Ry, and R3, act as three word
times of buffering.

Ro aﬁd R3 also are shift registers that can output a serial stream
of information to the VCS output logic. The decision as to when to begin
shifting out to the VCS is made by logic that performs the function listed
in the lower part of Figure 2-5. The control as to which data to output is
derived from the R matrix. The decision logic as to when to shift out to the
VCS allows for up to two word times out of sync. Normal operation (all com-
puters good) requires that the data be in sync within one word time. The two
word time tolerance thereby does not allow a bad computer from affecting the
normal operation (e.g., a bad computer could be one word time ahead of a good
computer and a second good computer could be a word time behind the other good
computer). If a computer is greater than one word time out of sync with any
other, then it is automatically decided as bad by control logic in the VCS.

The detailed timing and control sequence for the VCS is presented in Section 4.

225
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IGP COMMANDS AND CONTROL WORDS

Introduction

The IOP is set into operation by the decoding of & command and/ or a
control word. The commands are stored in the computer memory and are
accessed according to the command program counter in the IOP. Corﬁ:rol
words are slso stored in the memory and are slso received from other
computers in the system over the inter~computer bus. Commands are
executed in sequence as any other software program. Control words are
executed only when specified by a command or when a control word is

received over the inter-computer bus.,

The commend and control word formats are given in Figures 2-6 and 2-7
respectively. .Reference to these figures will clarify the following

discussion.

Commands
The I0OP comand list is as follows:

1. Halt and Proceed
2. Jump

3. Conditional Skip
4, Fetch Control Word

Halt and Proceed Command

The halt and proceed command (HPR) causes 'i:.he IOP to enter an idle mode
where no commands are executed. The IOP will respond to control words
received over the inter-computer bus. If the flag bit is zero set, the
IOP does nothing during the idle mode. If the flag bit is one set, the
I0P performs a master sync operation when the real time counter reaches
a specified count. In either case, when the idle mode is entered, the
command program counter is set to a fixed code for accessing the next
command when the idle mode is terminated.

The master sync operation consists of sending & master sync control
word to all other computers in the system and a master sync n_msk code

2-28
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to the IOP master sync controller. The master sync mask code is &

four bit field in the master sync control word. The master sync control
word is located in memory at the address specified by the sixteen least
significant bits of the HPR command. The rest of the master sync
operation consists of operating on the master sync control words as
they are received by the IOP. A detailed description of this operation
is given in the section on the master sync controller.

The IOP stays in the idle mode until either the real time counter interrupt
or the master sync controller cycle start discrete goes true. The real
time counter interrupt is used if the flag in the HPR command is zero set
and the cycle start discrete is used if the flag bit is one set. The IOP
accesses the memory according to the command program counter,

2,2.1.1.2 Jump Command

The jump command causes the IOP to use the address field of this command
as the location of the next command to be accessed. The address field is
placed in the command program counter and the memory accessed.

2.2.1.1.3 Conditional Skip Commsnd

The conditional skip command causes the IOP to branch in the program
depending upon certain conditions. Step by step operation of the ccmmand
is as follows:

1. The counter number field is used as the least
significant bits of a memory address. The address
is placed in the operend program counter.

2. The contents of that location are read into a buffer
register in the IOP.

3. The 16 least significant bits of the buffer register
are treated as 8 counter end incremented by one count -
any overflow is noted and stored.

2-31



CT70-171/301

k, If an overflow is detected:

(a) The 16 most significant bits of the buffer
register are copied into the 16 least
significant bit positions. This re-initializes

the countere.

(v) The buffer register contents are stored back in
the ssme memory location they came from.

{(c) The command program counter of the IOP is incremented
one count.
S5 If no overflow is detected, the flag bit of the command
is investigated.
6. If the flag bit is a zero:

(a) The contents of the buffer register are placed
back in the same memory location they ceme from.

(b) The command program counter is incremented by

two counts.

i If the flag bit is a one, the command program counter

is incremented by two counts.

2.2,1.,1.4  Fetch Control Word Command

The fetch control word command causes the IOP to place the address

field of the command in the operand program counter. This location

is. accessed and the contents read into a storage register. This

word is a control word and further operation of the IOP is controlled by
this control word. a
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If the flag bit is zero set, all input/output buses of the IOP are
allowed access to the computer memory. If the flag bit is one set,
the input/output bus between the computer and the mass memory/data
management system is locked out. ‘This is dome to preserve program

synchronization during critical operating modes.

After the fetch control word command is successfully executed, the
command program counter is incremented by one count and the next

command is accessed.

Control Words
All data going in or out of the computer is controlled by the ICP
executing control words. To output data or data requests over the
Types 1 and 2 channels and to input data over the Type 2 chanmnel, the
IOP operates according to control words accessed from the computer memory.
To input data or data requests over the Type 1 channel, the IOP operates
according to control words received from an external source. There are
four control words:

1. Computer to local processor control word

2. Computer to computer (memory) control word

3. Computer to computer (IOP) control word

4. Acknowledge control word
The IOP is capable of receiving all control word types from external devices,

but can only originate the first three control words listed above.

The type of control word is specified by the type field (bits 27 and 28B)

of the control word as follows:

Type Bits

28 27
Acknowledge o 0
Computer to local processor 0 1
Computer to computer (memory) 1 1
Computer to computer {(IOP) 1 ]
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2.2,1.2.1 Computer to Local Processor Control Word

This control word is used vwhen data are to be sent to or requested
from & local processor. The fields of the control word are defined as

follows:
Field Bits Definition
*Computer Address L Indicetes which computers
are to receive the- control
word. Any combination of
computers may be addressed by
setting the appropriate bits
to ONE.
Type 2 Itentifies control word type.
Retransmit 1 ONE: Message is to be sent
again if an error is
detected in the trans-
mission.
ZERO: Message is to be sent
onces
LP Address 5 Identifies the local processor
being accessed by the computer.
I/O 1 ONE: Data are to be input to

the computer.

ZERQO: Data are to be output from
the camputer,

Data Location 6 Identifies the address of the
first data word of the message
in the local processor memory.

¥Reply Buses L Identifies the buses over which
N data are to be transmitted
from the local processor to
the computer.

Number of Words 6 Indicates the number of data
words in the message.

When the control word is first accessed from memory, the fields marked
by an asterisk in the above list are not the codes having the meaning
given in the definition column. The initial value of these fields is
used as an address to get the actual codes to be used in the control
word. The IOP places the initial velues in the least significant bit -
positions of the operand program counter, sets the upper bits to a fixed

code end accesses the memory, The word accessed from memory contains the
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true codes which are inserted into the register holding the control
word. The control word is ready to be transmitted.

2.2.1.2.2 Computer to Computer (Memory) Control Word

This control word is used when data are to be sent between computer
memories over the inter-computer bus. The fields of the control word
are defined as follows:

Field Bits Definition
Computer Address y Same as Para. 2.2.1.2.1

Type 2 Same as Para. - 2.3.1.2.1

Memory Address 6 Identifies a location in the
memory of the computer receiving
the control word.

1/0 1 Same as Para. 2.%.1.2.1

Return Address L Identifies the camputer sending
the control word.

Return Store Address 6 Identifies & location in the
memory of the computer sending
the control word.

Number of Words 6 Seme as Para. 2.2.1.2.1

2.2,1.2.3 Computer to Computer (IOP) Control Word

This control word is used when the R, P and S matrices of the other
computers are to be sampled or set and when a master sync operation is
to be performed. The fields of the control word are defined as follows:

Field Bits Definition

Computer Address L Same as Para. 2.%2.1.2.1

Type 2 Same as Para. 2.3.1.2.1

Operation Code b Identifies the operation to be
performed by the receiving IOP.

Data Address L Identifies the location in the

memory of the transmitting computer
of the data to be used in setting the
matrices.
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Field Bits Definition
Return Address y Same as Para.2,.8£.1.2.2
Return Store Address 6 Same as Para. 2.2.1.2.2

The data address field of the control word,vwhen read from memory,
forms the least significant bits of the location of the -actual address

to be used for accessing the data to be sent.

The operation field codes are as follows:

Bits: 26 25 2l 23 Operation

Set R and P matrices to value;
Set S matrix to zero.

(@)
@]
O
O

Set R matrii to value.

Bet P matrix to value.
| Set S matrix to zero.
Sample R, P and S matrices.
Sample R matrix.-

Sample P matrix.

Sample S matri:é;.

Master Sync.

O 0O 0O 0 O 0 O
O R K M H O O O
O H O O K H O
O H O FH O = O K

Acknowledge Control Word

The control word is generated by the local processors and sent to the
canputer. The control word is sent to acknowledge the receipt of data
by the local processor or to start the transmission of data by 'I;he local
processor. The fields of the control word are defined as follows:

FPield Bits - Definition
Reply Buses b Same as Para. 2.%2.1.2.1
Type 2 Same as Para. 2&25102.1
Data Location 6 Same as Para. " 2.2.1.2.1
1/0 1 Seme as Para. 2.2.1.2.1
LP Address 5 Same as Para. 2.2.1.2,1
LP Status 5 Ydentifies the operational status

' of the local processor and errors

in data received.by the local processo

Number of Words 6

Same as Para’ 20?9102010
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I0P Bus Operstions

The operations over the type 1 and 2 data buses will be described
in this section. Any one operation may involve one or both of these
buses with the input and output cheannels of each used in various
combinations. The possible operating modes are:
8e Output data to local processor with voting using
internal VCS.

De Output data to local processor with voting using
external VCS.

Co Output data to local processor without vo’iiing.

d. Input data from local processor with voting using
internal VCS.

€. Input data from local processor with voting using
external VCS.

f. Input date from local processor without voting.

-39 Request data from another computer.

h. Input data from another camputer. -

1. Output requested data to another camputer.

J. Output dats to another computer.

k. Set matrices in another camputer.

1. Set own matrices according to date fram another computer.
m. Semple matrices in another computer.

n. Sample own matrices on request of another computer and
transmit the data to the other computer.

0. Master sync operation.

.Reference to the block disgrams of Paragraph 3.0 and the discussion

of caomand and control words in Paragraph 2.2 will aid in the under- .
standing of the following descriptions.

Output Data to Local Processor

The three ways of outputting data to & local processor vary only in

whether voting is done and where the voting is done. The settings of
the P and R matrices determine which way the data are handled.
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In all cases, the start of an output data operation is the execution
of the fetech control word command getting the control word grom
memory and into the control word store register in the IOP éommand
control section. The next sequential location after the one that
holds the control word holds the memory address of the first data
word of the message. This data word address is read from memory into
the buffer register 2 of the IOP command control for later use.

Bits 20, 27 and 28 of the control word register are investigated next

and, if set to a binary code of 010, this indicates an output data to

local processor operation. Bits 29 through 32 of the control word register
are transferred into the least significant bit positions of the operand
program counter to form a memory address. This memory locﬁtion\is read
into buffer register 1. This word contains three (3) four bit fields:

- Primary computer address
b. Secondary computer address

¢c. Reply buses code

Depending upon the setting of the VCS switched indicator of the IOP
camand control, either the primary or secondary ccmpufer address fields
are read from buffer register 1 into bit positions 2§ through 32 of the
control word register. The reply buses code field is read into bit
.positions T through 10 of the control word register.

The control word is now canplete and ready to be transmitted. The -
contents of buffer register 2 are read into the operand program counter
in preparation for getting the date words from memory. The nﬁmber of
words field (bits 1 through 6) of the control word register are read
into the word counters associated with the type 1 output channelmand
the type 2 input and output channels. The control word is read from
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the control word register into buffer register 2 in preparation for

sending.

Voting Using Internal VCS

Data flow through the IOP during this operation is diagrammed in

Figure 2-8, This operation involves the Type 2 input and output
channels, the VCS, and Type 1 output channel, one to three Type 1

input channels and the IOP command control.

The control word in buffer register 2 is transferred in bit serial
fashion into a VCS buffer register, The data from the other computers
involved in the voting arrives over a Type 1 input channel and trans-
ferred into other VCS buffer registers. These registers are used to

remove small time differences in the arrival times of the data. All

- data are fed to the voter whose output is read into VCS buffer register

4, The contents of this register are valid only if a majority of inputs
to the voter have agreed for the full word on a bit by bit comparison
basits. This majority approved data are théen transmitted to the local

processor over the Type 2 output bus.

As the data are shifted to the VCS buffer registers, the data are also
placed in a comparison register. The data are held here temporarily

for a check against the data that are being received at the local pro-
cessor. As the local processor receives the data, the same data returns
to the computer on the Type 2 input channels., The IOP receives the data,
ships the data out on the Type 1 output channel and compares the data
with that in the comparison register. Discrepancies in the comparison
are stored in the comparison indicator of the Type 2 input channel.

This compérison continues until the last data word has been compared.
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The local processor can use the received data only if a Go code

is sent as the last word of the message. The sending of this Go
code is determined by the involved computers and the results of
their comparison of the data received back from the local pro-
cessor and the data the IOP sent ﬁo the VCS. Each computer in the
operations generates a Go or No~Go code based upon thelr comparisons
and sends that code to the VCS. The code in the majority is sent to

the local processor,

The code sent to the local processor is fed back to each computer.
Indicators are set to indicate whether the IOP differed with the
majority or not and which code was received by the local processor.
The IOP waits for the arrival of the acknowledge control word from
the local processor. A status word is formed in the IOP based upon
the acknowledge control word, the Go or No—Gd code sent and received
and all other indicators generated during the message transmission.
The status word is stored in memory in the location following the

wiast data wordf

With the status word stored away, the IOP checks the re-transmit flag
(bit 26) of the control word register. If the flag is a binary zero,
‘the opefation is considered completed and the IOP command control goes

on to the next operation. If the flag is a binary one and a No-Go
code was received over the Type 2 input channel, the IOP command
control increments the re-transmit counter. The next step depends upon

the count of the re~transmit counter and the VCS switched indicator.

If the count is less than three, the IOP command control ignores the
-VC8 switched indicator and goes to execute the command held im the
command word store register. This is the same command that started

the operation so the operation is repeated.

.11
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If the count is three and the VCS switched indicator is zero set,
this means that three attempts have been made using the same VCS

to send the data to the local processor. The VCS switched indicator
is one set to indicate the next attempts are to be made using the
secondary VCS assigned. The IOP commend control then returns to
repeat the operation.

If the count is three and the VCS switched indicator is one set,

this means that three attempts were made to get the data to the

local yrocessor using the primary VCS assigned and three attempts
using the secondary VCS assigned with no successful attempts. This

is indicated by the status word stored away at the end of the last
try. The IOP command control goes on to the next 0perafion considering
the other completed. |

Voting involving three computers always gives a majority result

if the VCS is operating correctly. However, in voting with.two or
four computers, thefé are cases where majorities may not exist. This
is detected by the voter and causes the transmittef for the type 2
output channel to be turned off. The local processor responds to

a loss of signal by resetting to the idle mode terminating the.
commnication. This termination results in the loss of signal on
the type 2 input channel and a consequent loss of signal on the typé 1
output channel. All compﬁtera resPohd to this loss of signal by
terminating the output operation and generating & status word as
before. Retransmission is tried ha described earlier.

Voting Using External VCS

Data flow through the IOP during this operation is disgiammed in
Figure 2-9. This operation involves the use of the type 1 input
channel associated with the computer doing the voting, the type 1
output channel and the IOP comménd control.
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The control word held in buffer register 2 is sent serially into
the type 1 input chennel comparison register and is sent out over
the type 1 output channel. As the comtrol word is being shifted
out of buffer register 2, the I0P command control accesses the
memory and reads the first data words into buffer register 1.

When the last bit of the control word is shifted out of buffer
register 2, the contents of buffer register 1 are read into buffer
register 2, The shifting of the contents of buffer register 2
continues as for the control word. The word counter is decremented
for each 16 bits of data sent out. Until the word counter reaches

zero, the IOP accesses data words from memory.

The voting computer sends the data returned via the Type 2 input

to the IOP over the type 1 input channel. There it 1s compared with
the data in the compérison register and a Go or No-Go generated and
sent out. The results of the comparison are stored temporarily for

inclusion in the status word.

After receiving the acknowledge control word, the IOP generateé the
status word and decides upon retransmission as described in Parsgraph
2.3.1.1. After completion of the operation, either successfully or

unsuccessfully, the I0P command control goes on to the next operation.

No Voting

Data flow through the IOP during this operation is disgrammed in
Figure 2-10. The operation mekes use of the type 2 input and output
channels and the IOP command control. -—

In this operation, the IOP communicates directly with the local
processor with no other computer involved. The control word in
buffer register 2 is sent out over the type 2 output channel. As the

control word is transmitted, the first data words are accessed from
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memory into buffer register 1. The transmission of the data words

is as described in Paragraph 2.3.1.2.

When the last data word is transmitted, a Go/No-Go code word is
automatically sent out. The local processor sends back an acknowledge
control word as before over the Type 2 input channel. A status
word is formed and stored in memory. The IOP command control goes on
to the next operation. No re-transmission of the data messages

is made in this mode.

Input Data From Local Processor

As in the output data modes, a control word is accessed from memory.
In this case, bits 20, 27, and 28 form the code 110. The control
word is formed as described in Paragraph 2.3.1.

Each computer has a Type 2 data bus to each local processor that.

is independent of the other computefrbuses, This permits multiple
paths for transferring data from the local processor to the-computer
system. Before any data are used, each computer compares the data
received over its own bus with the data received over other com-
puter data buses. The data are used according to the results of
this comparison. So that all computers may have copies of the

data received by the other buses, each computer will automatically
send out on the Type 1 output channel any data received over the

Type 2 input channel.

Proper storage of these data sets requires that the operand program
counters of the Type 1 input channels be preset to the proper addresses.

After forming the control word, the IOP command control increments



2.3.2.1

C70-171/301

the operand program counter by one. This memory location holds the
address for the storage of the date message received by another
computer. The succeeding memory locations hold other addresses for
the storage of the other dsta messages. Up to four (U4) addresses
are stored depending upon the number of data message duplicates
desired.

The I0P command control looks at bits T through 10 of the control

word register. These bits are the reply buses field. Each bit position
corresponds to one computer in the system. A binary one in the bit
position of the field means that a data message will be received by
that computer represented by the bit position. The IOP command control
scans the field starting at bit 7. If this position is & one, the
memory is accessed, the contents read into the appropriate type 1

input channel operand program counter and the IOP command control
operand program counter incremented by one. If the bit in the field

is a zero, the IOP command control'goes to the next bit position in

the field. This is repeated until all four bit positions in the

field have been checked and the fype 1 input channels set up for the

operation.

Voting Using Internal VCS

Data flow through the IOP during this operation is diagrammed in
Figure 2-12.The operation makes use of the type 2 input and output
channels, the type 1 output channel, the voter-comparator-switch,

the IOP command control and one to three type 1 input channels.

The control word is sent to the VCS buffer registers and the comparison
register of the type 2 input channel. The other control words are
received by the type 1 input channels and transferred to the VCS.

The control words are voted upon and the majority result sent out

2-h7
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over the type 2 output chemnel. The results of the voting are
stored in status indicators. The control word is received back
over the type 2 input channel and compared with the conténts of
the comparison register. The control word is also sent out over
the type 1 output channel. The results of the comparison are
stored in status. indicators.

The IOP monitors the type 2 input channel for the acknowledge
control word. When it arrives, it is checked for proper parity

and the LP address and data locations fields are compared with

the similar fields stored in the control word register. The results

of the comparison are stored in status indicators.

As date are received over the type 2 input channel, the data are
stored in memory and sent out over the type 1 output chamnnel. . At
the same time, date are received from the other computers over the
type 1 input channels and stored in memory. The end of the message
is signified by the reading of a count of zero by the word counters
of the type 1 and 2 input channels, At this point, all status
indicators are used to form a stat;;s word to be stored in memory.

The decision as to whether the operation has been successful or not

is based upon the results of the control word comparison (feedback
version against original), failure to find a majority during voting
and the resulits of comparing the two fields of the acknowledge camtrol
word and the comtrol word register. Dissgreement in the comparisons
or fallure to find a majority results in a rerun of the operation if
the retransmit flag is set. The rerun is made as described in
‘Paragraph 2.3.1.1. Parity errors detected by the type 1 input
channels will not cause & retrensmission try.

2.kg
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Voting Using External VCS

Data flow through the IOP during this operation is diagrammed in
Figure 2.13, This operation makes use of the IOP command control,
the type 2 input channel, the type 1 output channel and one to
three type 1 input channels,

The control word is transmitted out over the type 1 output channel
and placed in the comparison régister of the type 1 input channel
associated with the computer doing the voting. The rest of the
operation is the same as that described in Parsgraph 2,3.2.1.

No Voting

Data flow through the I0P during this operation is diagrammed
in Figure 2-14. This operation mekes use of the IOP command
control and the type 2 input and output channels,

The control word is sent out over the type 2 output channel directly
to the local processor. The acknowledge control word is receivéd
over the type 2 inpﬁt channel and checked as in Paragraph 2.3.2.1.
The data are received and stored in memory. A status word is

formed at the end of the message and stored in memory. The operation

will not be repeated regardless of the eribrs detected in the message.

Request Data From Another Computer

Data flow through the IOP during this operation is diagrammed in
Figure 2= 15. This operation makesvuse of the IOP éommand control

and the type 1 output channel.

The control word for this operation is the computer-to-ccmputer
(memory) type as identified by the binary code of 111 in bit positiong
20, 27—and 28. This control word is made up by £illing the computer

2-50
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address, memory address and return store address fields with dats
accessed from memory by using the initial value of the camputer
address field as an address. The ccontrol word has the address of
the requesting computer in the return address field. The control
word is sent out on the type 1 output chennel. The IOP command
control goes on to the next operation as the response to this
request will be handled automatically by the type 1 input chennels.

2,3.4 Input Data From Another Computer

Data flow through the IOP during this operation is disgrammed
in Figure 2-16. This operation makes use of one type 1 input
channel.

This operation requires no stored commands or any action by the IOP
comeand control. All information necessary is found in the received
control word. The control word holds the binary code of 111 in bit
positions 20, 27 and 28. The control word is copied into the channel
control word register if parity checks on both halves of the control
word are correct. As the first data word is received serially into
the channel buffer register, the type 1 input channel is set up as
follows:

a. The number of words field (bits 1 through 6) of
the control word register are copied into the

word counter.

b. The return store address field (bits T through 12)
of the control word register are copied into the
least significant bit positions of the operand

program counter. (This limits the area of memory that cam
be stored into directly by the external computer.)

A bad parity check on either half of the control word causes the
type 1 input chennel to ignore the rest of the inputs om the bus.
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Each data word received on the data bus is checked for parity.
The word counter is decremented one count for every 17 bits
received on the bus. The parity bits are discarded and the data
bits assembled into 32 bit words and ’stored in memory. - When the
word camter reaches zero, a status word is formed and stored in
memory after the last data word. The type 1 input channel goes
to the idle mode ready for the next operation.

2.3.5 Output Data To Another Computer

There are two ways to initiate a data output to another computer
operation. One way is to fetch a control word from memory and the
other way is to receive & control word requesting date over the
type 1 input channel.

2:.3.5:1 Output Requested Data to Another Computer

Data flow through the IOP for the operation is diagrammed in Figure 2-17.
This operation makes use of the IOP command control, the type 1 out-
put channel and one type 1 input channel.

The operation starts when the type 1 input channel receives g control
word containing the binary code Oll in bit positions 20, 27 and 28.
The input channel places the control word in its control word

register and sets the type 1 input channel intefrupt true.

The I0P command control examines the type 1 input channel interrupts

~ after the completion of each operation. If one is found to be true,
the I0P cammend control proceeds to read from the control word
register of that type 1 input channel into buffer register 2 the
following:

&. Bits 1 through 6 into bits 1 through 6 (Number of words).
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b. Bits 13 through 16 into bits 29 through 32 (Return address).

c. Bits T through 12 into bits 21 through 26 (Return store
address).

In sddition, other bits of buffer register 2 are set as follows:

8. Bits 20, 27, and 28 to binary ones.
b. Bits T through 16 to binary zeroes.

This completes the formation of the control word to lead the data

nmessage to be sent.

The IOP cammand control also reads from the channel control word

register:

a. The number of words field into the word counter.
b. The memory address field into the least significant
bit positions of the operand program counter.

The IOP command control sets the type 1 input channel interrupt
freeingmthe input channel for further operations. The control word
in buffer register 2 is sent out over the type 1 output channel and
the first data word accessed from memory. B
As each data word is transmitted out, the next data word is read
from meméry 80 there is no break in the transmission. A parity bit
is sdded for each 16 bits of date transmitted. When the word counter

reaches zero, the operation is considered completed.

2.3.5.2 Output Data to Another Computer

Date flow-through the IOP for this operation is diagrammed in
Figure 2~18. This operation makes use of the IOP command control
and the type 1 output channel.

The operation begins when & control word having the code Ol1 in
bit positions 20, 27 and 28 is read from memory into the control word
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register of the I0P commend control. The control word is modified
by £illing the computer address and memory address fields with data
accessed from memory by using the initial value of the computer
address fieid as a memory address. The control word is read from
the control word register into buffer register 2 and bit position
20 of the buffer register is set to & binary one. The number of
words field of the control word register is read into the word
counter. The contents of the memory location following that
location holding the control word are read into the operand program
counter as the address of the first data word in memory. The rest
of the operation is the same as that déscribed in Paragraph 2:3.5:1.

Set Matrices In Other Computers

Data flow through the IOP during this operation is diagrammed in
Figure 2-19. This operation makes use of the IOP command control
and the type 1 output channel.

The operation begins when the control word read from memory into the

_control word register contains the binary code 0001l in bit positions

25 through 28. The data address field of the control word is read
into the least significant bit positions of the operand program
counter and the memory location with this address read out. Bit
positions 5 through 16 of the control word register are filled with
this data. These bits now represent the data that are to be set
into the matrices of the other computers. |

The contents of the control word register are read into iauffer
register 2 and then sent out on the type 1 output channel. The

transmission of the last parity bit completes the operation.

Set Own Matrices According to Data From Another Computer

Data flow through the IOP during this operation is diagrammed in
Figure 2-20. This operation mekes use of the IOP command control -~

and one type 1 input channel.
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The operation is started when the type 1 input channel receives

& control word containing the binary code 0001 in bit positions

25 through 28. Bit positions 23 and 24 are investigated to
determine which matrix or matrices are to be set. The data in
bit position 5 through 16 are transferred to the appropriate
metrices as specified by bits 23 and 24. The type 1 input channel
returns to the idle mode completing the operation.

Sample Matrices In Another Computer

Data flow through the IOP during this operation is diagrammed in
Figure 2-21. This operation involves the IOP command control, the
type 1 output channel and one type 1 input channel,

The operation starts when a control word containing the binary

code 1001 in bits 25 through 28 is read from memory into thé

control word register of the IOP command control. The computer
address field is set up as before and the control word sent out over
the type 1 output channel. The TOP command control sets the word
counter to 34, The word counter is counted down at the logic clock rate
of 1 megahertz. During this 34 microsecond period, the IOP command
control monitors the type 1 input channel interrupts. When the correct
interrupt is set true, the IOP command control canparés bits 21 through
26 of the channel control word register with bits 7 through 12 of the
I0P command control word register. If they match, the IOP coammand

control resets the word counter and goes on to the next operation.

If the two fields do not match, the IOP command control resumes
monitoring the interrupts. If the word counter reaches zero before
the right control word is received, the IOP forms a status word
indicating the failure to receive the requested data and stores it
avay in memory. The IOP command control goes on to the next operation.
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Sample Matrices as Requested by Another Computey

Data flow through the I0P during this eperation is diagrsmmed im
Figure 2-22. This operation makes use of the IOP command comirel,

the Type 1 output chamuel, and one to three Type 1 imput channels.

The operation starts when a control word with the binary code 1601
in bit positions 25 through 28 is received by omne Type 1 imput
channel. The receiving chaunnel sets its interrupt true. The I0P
command control samples the interrupts after completion of its last
operation and, upon finding one true, proceeds to check the bits 25

through 28 to determine the type of operation.

The IOP command control then reads the return store address £ield

into bits 21 through 26 of buffer register 2. Bits 23 and 24 of

the channel control word register are read into the controi word
register of the IOP command control word register. Bits 20, 27

and 28 are set to ones. If bits 23 and 24 of the control word register
are set to zeroes, then bits 6 through 1 of the control word regis-

ter are set to 000011 respectively. Any other code in bits 23 and 24
causes 000001 to be set into bit positions 6 through 1 respectively.

These bits are the number of words field and are set to a valusz of one

1f only one matrix is to be sampled or to a value of three if all

matrices ave to be sampled.

The computer address field (bits 29 through 32) is generated sc-
cording to which computers requested the sampling. The IOP command
control test each Type 1 input channel interrupt. If the iaterrupt
is true, the bit positions 25 through 28 of the chaunel contwol
word register are tested for the code 1001, If the code is theve,

a one is placed in the computer address field bit position correspond-—

ing to that computer. If the code is not there or the i{nterrupt was

false, a zero 1s placed in the address field. This is domne for all
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the type 1 input cliannels. The control word is now complete

and is trensferred to buffer register 2.

The control word is transmitted out over the type 1 output

channel. After the firsl half of the control word is transmitted,
either the R or specified matrix is read into the lower half of
buffer register 2. The R matrix is read in if all matrices are to
be sampled. If only one matrix was to be sampled, the operation
ends after the data are transmitted from buffer register 2. If all
matrices are to be sampled, the P and S matrices are copied into
buffer register 1. The operation is complete when all the data in
both buffer register 1 and 2 are transmitted.

Master Sync Operation

The master sync operation is started when the IOP executes the
halt and proceed command with the flag set true. The master sync
controller (MSC) mode control goes from the idle mode to a mode

waiting for the arrival of the first master sync control word.
The execution of the flagged command causes the IOP control to

idle until the real time counter reaches a count of T2. At this

point, the IOP accesses a dedicated memory location for the master

sync control word. This control word is sent to all computers over
the type 1 output channel. The start select flip flop in the IOP

cammand control is set so the next IOP program cycle will be started
when the cycle start discrete of the MSC goes true rather than when

the resl time counter interrupt goes true.

The control word is received by the type 1 input channel of the
computer and bit positions 26, 27 and 28 are investigated. If:
these bits form the binary code 101, the type 1 input channel sets
its channel arrival discrete true. The control word is held in
the channel buffer register so that the MSC can read the return
address code.
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In the MSC, the chennel arrivel discrete sets a channel arrival

flip flop. At the next clock time, the state of a binary counter
(counter 1) is read into an arrival time register. At the same

time, bits 13 through 16 of the channel buffer register- are copied into
the master sync word address register. The type 1 input channel is
released for other uses. The MSC has one set of registers for each
type 1 input channel. The above procedure is repeated for each

master sync control word received by the camputer before the MSC
completes the master sync operation.

The first master sync control word that arrives causes the start
counter 1 flip flop to be set. This stores the fact that one
control word has arrived and starts the timing of the intervals
between the various control word arrivals. Cqm{;er 1 provides this
timing by counting at the logic clock rate of one megshertz. The
start counter 1 flip flop being set enables the next channel arrival
discrete to set the start counter 2 flip flop. Counter 2 also
counting at logic clock rate overflows after eight counts (eight
inicrosecmds) setting the start cycle flip flop. One clock time
later, the cycle start flip flop is reset. The output of the cycle
start £1ip flop appears as a discrete that goes true for one micro-
second that is used to initialize and start the real time counter.
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Real Time Counter

The Real Time Counter is used to define a reference time period for
the computer. The counter is set to a known value and counted down
to zero at a fixed rate. When the counter reaches zero, the IOP

and the Central Processing Unit (CPU) are notified by a pulse discrete

from the counter. The counter is reset and the operation is repeated.

The RTC is a programmable counter fifteen bits long. The counter is
decremented at the computer basic logic clock rate of one megahertz.
This results in & maximum timing period of 32,768 microseconds. The
counter constant is stored in a dedicated memory location to enable

recovery from a power transient.

When the computer is initially turned on or recovers from a power
transient, the IOP reads the contents of the dedicated memory location
into a reset value store register (RVSR). When the RVSR is loaded,
the RVSR contents are automatically read into the RIC. The RTC is now
decremented at clock rate. Upon reaching a zero count, the RTC issues
a discrete pulse signal to the IOP and the CPU. The contents of the

RVSR are read into the counter and the operation repeated.

To maintain synchronism between the computers in the complex, periodically
the individual real time counters must be reset according to a master
signal. This operation is called the master sync operation. When the
master sync operation is performed, the RIC is filled with the contents
of the RVSR and the timing started at that point.
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Built-In Test Equipment Counter

The BITE counter is used to detect faults in either the couputer
hardware or software during operation. The counter is set to a set
value and counted down to zero at some rate. If the counter reaches
zero, an interrupt is issued indicating that the computer has mal-
functioned. The counter is prevented from reaching zero by having the

IOP and the CPU program work together to reset the counter before it
reaches zero.

The BITE counter is a programmable counter fifteen bits long. The
counter is decremented at the basic computer logic clock rate of one
megahertz. This results in a maximum period of 32,768 microseconds.
The counter constant is determined by the contents of a dedicated
location in memory.

The BITE counter is initially loaded and started after application of
power to the computer by the I0P accessing memory and transferriig the
contents of that location into the counter. The counter is counted down
until it reaches a count of 102k. At this point, the BITE counter load
request discrete is set true. After completing the execution of every
command, the IOP samples the BITE counter load request discrete. If the
di'scz;ete is false, the IOP continues on to the next commend. If the
discrete is true, the IOP will access the memory for the constant and
load the contents of the location accessed into buffer register 1.

Each time the IOP reads this memory location, zeroes are writtem into
the location. This is done to force the CPU program to write into the
location before the next counter load reguest is made or the counter
will not be reset correctly. The load counter discrete is set true
causing the contents of buffer register 1 to be read into the BITE
counter. The BITE counter load request discrete is set felse. The
counter is now reset and the operation repeats.
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2.6 MASTER SYNC CONTROLLER

Periodically during system operation, the IOP programs of the computers
muct he synchronized to have proper operation during the critical mode. The

O™ program shall determine when this master sync operation will occur.

The master sync operation is started when the TOP executes the halt
and proceed command with the flas set true. The master synec controller (MSC)
mode control goes from the idle mode to a mode waiting for the arrival of the
first master sync control word. The execution of the flagged command causes
the I0P control to idle until the real time counter reaches a count of 72.
At this point, the TOD accesses a dedicated memrory location for the master
syime control word. This control word is gent to all computers over the {ype 1

otput channel.

The control word is received by the type 1 input channel of the computer
and bit positions 26, 27 and 28 are investigated. If these bits form the binary
codn 101, the tyme 1 invut channel sets its channel arrival discrete true.

The control word is held in the channel buffer register so that the MSC can

read the return address code.

In the MSC, the channel arrival discrete sets a channel arrival flip
flop. At *the next clock time the state of a binary counter (counter 1) is read
into an arrival time repister. At the same time, bits 13 through 16 of the
channel iffer register are copied into the master sync word address register.
The type 1 input channel is released for other uses. The MSC has one set of

rerirters for each type 1 input chamnel The above procedure is repeated for
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each master syne control word received by the computer before the MSC com-

pletes the master sync operation.

The master syne operstion is based upon the following:

The real time counter of the computer will be set to
an initial value eight microseconds after the second

master sync control word at the computer,

The first master sync control word that arrives causes the start counter
1 flip flop to be set. This stores the fact that one control word has
arrived and starts the timing of the intervals between the various control
word arrivals. Counter 1 provides this timing by counting at the logic
clock rate of one megahertz. The start counter 1 flip flop being set
enables the next channel arrival discrete to set the start counter 2

flip fldp. Counter 2 also counting at logic clock rate overflows after
eight counts (eight microseconds) setting the start cycle flip flop.

One clock time later the cycle start flip flop is reset. The output

of the cycle start flip flop sppears as a discrete that goes true for

one microsecond that is used to initislize and start the real time counter,

As a fault isclation aid, the relative times of arrival for the four
master sync words are stored along with the addresses of the computers
originating them. This information will be held in the registers until

the next master sync operation whem it will be replaced by the new data.
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Further fault isolation aid is given by the states of the all-received
and not—-all-received flip flops. These indicators tell whether or not the
correct number of control words were received during the eight microseconds
after the arrival of the second control word. A mask register is provided
to mask out any computer that has malfunctioned to eliminate faulty master

sync operations.

The master sync control was designed to detect a failed computer that has
drifted too far out of sync and also to continue operating correctly if a
computer has drifted out of tolerance, but cannot be isolated. This situa~
tion can happen quite easily, e.g., if the tolerance is At, then as long as
all sync words arrive within At, everything is functioning properly. How-
ever, if the words arrive within 2 At, it can be deduced that a failure has
occurred, but unless one computer is more than At out of sync with each of
the other computers, the failure cannot be isolated. This difficulty in
failure isolation results since no absolute timing reference is available.

To prevent using a failed computer as the synchronizing source, the synchron-

ization occurs on the basis of the second received master sync word.
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BLOCK DIAGRAMS OF MECHANIZATION

The following block diagrams illustrate the major elements needed for
proper functioning of the IOP. Associsted with each diegram is &
table listing these elements and giving the number of bits ('flip flops)
required to mechanize each element. The tables also give the number

of times the subsystem is repeated in the IOP.

TABLE 3-1
BITE AND REAL TIME COUNTER ELEMENTS

(One Set Required Per Computer)

Function Bits
l. Reset Value Store Register 15
2. Real Time Counter 15
3. Real Time Counter Interrupt 1
4. BITE Counter 16

5. -BITE Counter Load Request Discrete
6. Computer No Go Discrete
T. Mode Control

I
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TABLE 3-2

MASTER SYNC CONTROLLER ELEMENTS
(One Set Required Per Computer)

Function
le Counter 1
2, Counter 2
3. Start Counter 1
L, Start Counter 2
5. All Received Indicator
6. Not All Received Indicator
Te Start Cycle Discrete
8, Mask Register
9. Mode Control
10.  Input Chamnel (U required per Master Sync
Controller)

&, Master Sync Word Address Register
b. Arrivel Time Register
¢, Channel Arrival Indicator

2-T3
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TABLE 3.3

TYPE I INPUT CHANNEL ELEMENTS
(Four Sets Required Per Computer)

Function

Bit Counter

Word Counter

Operand Program Counter
Channel Buffer Register
Parity Check A

Parity Check B

Parity Error Indicator
Channel Control Word Register
Type 1 Input Channel Interrupt
Input Buffer Register

Memory Write Discrete
Comparison Register
Comparison Indicator
Comparison Counter

Channel Arrival Discrete
Operation Complete Discrete
Mode Control

2-T5
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TABLE 3.4

TYPE 2 INPUT CHANNEL ELEMENTS
(One Set Required Per Computer)

Function

Bit Counter

Parity Check

Comparison Register

Word Counter

Signal Detector

Type 2 Input Channel Operating Indicator
Comparison Indicator

Type 2 Input Channel Operation Complete
Indicator

Mode Control {Including Parity Error
Indicator)
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TABLE 3.5

TYPE 1 AND 2 OUTPUT CHANNELS AND IOP COMMAND CONTROL ELEMENTS

(One Set Required Per Computer)

Function

Commsnd Program Counter
Operand Program Counter

Reset Value Store Register Loaded Indicator

Command Store Register
Interrupt Counter

Buffer Register 1

Buffer Register 2

Word Counter

Bit Counter

Parity Generator

R Matrix

P Matrix

S Matrix

Criticel Indicator
Control Word Register

VCS Switched Indicator
Input/Output Indicator
Retransmission Indicator
Retransmit Counter
Acknowledge Word Store
Acknowledge Word Error Indicator
Acknowledge Word Indicator
Overflow Indicator

" BITE Counter Filled Indicator

Sync Error Indicator

Real Time Counter Error Indicator
Start Select Indicator

Master Sync Late Indicator

Own VCS Indicator

Mode Control

2-T9
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TABLE 3-6

VOTER~-COMPARATOR~SWITCH ELEMENTS

(One Set Required Per Computer)

Function

VCS Advance Register Discrete
VCS Bit Counter

Voter

VCS Buffer Register L
Agree/Disagree Indicator
Transmitter On/Off Indicator
Voter Error Indicators

1/0 Store

VCS Word Counter
VCS Operation Complete Discrete
Mode Control A
VCS Input Channel

8.
be
Ce
d.

VCS Buffer
VCS Buffer
VCS Buffer
VCS Buffer
VCS Buffer
VCS Buffer

(4 required per VCS)

Register 1
Register 2
Register 3
Register 1 Indicator
Register 2 Indicator
Register 3 Indicator

Mode Control B

2-81

Bits

7

Vi H OV H ow R

17
17
17

e



dl
0d LidLNo
& Eall

t

WVHOVIJ ¥0u1id HOLLIS=HULVEVdnuI=d4dLlul

*9-¢ @anBg

p—

H:JOONS [

- CRANRICES
S0A

HII0A

N

 TANNVHD luieNI S04

C70-171/301

S

£ TENNVED LidNI SDA

THOVSIA
Vit g

Houud
- YdI0A

re¢q|

— g

¢ TUINNVHO IOdNT SOA

4

HEINAOD
4I€ SoA

¥ TONINGD HUUR

37 & TOUINOD Ui

&

(3

[

" 4

qyuds
0o/1

CARCYILLL 1)
ROILVEEdO
S04

X

£

“UNI € t € WalSIUdd
*Ouy YuaAngaF dadand
SOA S0A
*UNI € 3 HulsIosd
Rt @ ticm ) Uhddiid
SOA SoA
1 TENNVHO |
LOANT SOA w
*aNI T T d31SToH
Macs mm,ijT YILANE el
S04 SOA
A

9L=0ud

vivd

Yudv DIUNT

R

e-82



hﬂo

b1

C70-171/301

OPERATIONAL FLOW CHARTS

A link between circuit operstion description and the~actual hardvare
elements is the operational flow chart. In this chart, the operations
are broken down into the lowest element of actions performed during

each clock time. By doing this, one can determine the circuit elements
required, the relationships of these elements during operation and the
time to perform the operation.

The operations to be performed by the IOP have been described in
Section 2. In this section, the details of these operations are
shown by means of the flow charts. A by-product of flow charting

is the separating out of the independent functional areas of the'IO?.
These were found to be:

l. Real Time Counter

2. BITE Counter

3. Master Sync Controller
Lk, Type 1 Input Channel
5. Type 2 Input Channel
6

» Type 1 and Type 2 Output Channels and IOP Command
Control

Te VCS Input Channel
8. VCS Voter and Output Channel

These areas are not completely independent of each other but require

a small smount of information from the other parts to carry out their
own operations. The flow charts also point out this interplay between
the functional areas and show the amount and timing of the interplay.

General

The flow charts are organized to show the clock time by clock time opera-
tions. All capebilities of each functional area are shown in the charts.
In reading the charts, one should meke reference to the block diagrams

of the IOP and the command and control word descriptions given in sections
2.2 and 3.
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The charts are largely self-explanatory. Bach box in the chart
describes all the actions thé,t occur during & single clock time.

In most cases, exit is made from the box at the end of the clock
time. In the event that there are multiple exit paths, each path

is shown along with the condition necessary to take the path. In
sare instances, exit from 2 box is dependent upon a condition deter-
mined by ancther functiopal ares such as the state of the memory
acknowledge signal from the memory. The circuit may stay in the box
until the condition is met at the saeme time a clock time ends. This
is the only situstion vhere multiple time periods are spent in & box.
A box may be repeamted by exiting and re-entering the box. The following
example will illustrate the above:

|
!

Increment Counter by One Count e
Counter # 5 I lCounter =5

Zero Counter
Test Memory Acknowledge Signal|
j, Memory Acknowledge True

Read data from memory into
buffer register

J,

Shift data from buffer register
into adder

!

The circuit enters Box A, increments the counter and exits along one
of the two paths determined by the state of the counter at the exit
time. If the condition that the counter does not equal 5 exists, the

circuit re-enters Box A. Once the condition of the counter equals five
is met, the circuit enters Box B. The circuit will perform the actions
of Box B but will not exit until the condition is met at the time that
the clock signal allows the circuit to change state. Between boxes C
and D, there is only one path and with no legend, this indicates

that the circuit will exit Box C and enter Box D at the next time

the clock signel permits.
2-8h
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